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FOREWORD 

The U. 3. Army Natick Laboratories investigated the use of 
TECTROL controlled atmosphere in laboratory size equipment for 
reducing spoilage in lettuce. Laboratory findings were very 
promising anc showed feasibility. As a result, the decision was 
made to determine in a field test whether commercial size TECTROL* 
controlled atmosphere containers had the capability of improving 
the quality and reducing the spoilage of lettuce shipped to 
military organizations overseas. 

The work was performed under Production Engineering, 2270,3 
Mr. Harold Gorfien was the Official Investigator. 

The authors gratefully acknowledge the assistance of personnel 
within the U.S. Navy and the U.S. Army, particularly Major A. Krome 
of NLABS and Miss N. Crowley of USARJ. Personnel in various elements 
of DPSC and DSA are to be commended for their assistance and cooperation 
in resolving many of the business problems which developed in procure- 
ment and transportation. Grateful acknowledgment is accorded Mr. J. 
Lugg of Transfresh Corp. for assistance and cooperation in overcoming 
many of the obstacles which developed prior to the field test. 
Acknowledgment is accorded to Mr. J. Lamp of Transfresh Corp and 
personnel of Matson Lines for assistance both in the U.S. and Japan. 

■»•TECTROL is a registered trademark of Whirlpool Corp. 
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ABSTRACT 

Tests were conducted to determine whether TECTROL- controlled 
atmosphere would lead to an improvement in the quality and storage 
life of lettuce shipped to military organizations overseas. TECTROL 
is a proprietory system for shipping fresh fruits and vegetables 
through the introduction of specially proportioned gases into 
existing refrigerated containers and rail cars. The tests 3howed 
that where controlled atmospheres can be reasonably maintained, 
improvements in quality and increases in storage life will result. 
Reduction in the extent of pink rib and decay were found. In thesa 
tests lettuce was shipped from the West Coast to Japan requiring 
five weeks; reductions in lettuce losses were found to range from 
5.0% to 16.k% when compared to lettuce shipped conventionally in 
air. The break even point to defray the additional cost of TECTROL 
is estimated to be in the range of 2.1% to $.\\% reduction in lettuce 
loss. This indicates that the cost of TECTRDL would be defrayed bv 
reductions in lettuce loss during overseas shipment. Some data are 
presented to indicate that temperatures in loaded refrigerated 
containers are frequently somewhat higher than their thermostat 
settings indicate. 

There are engineering problems and shipping Drecautions 
associated with the maintenance of controlled atmosphere which 
remain to be resolved. A failure in maintaining refrigeration for 
an extended period of time can lead to levels of oxygen less than 
1%;  thus resulting in tne lone of an entire shipment due bo anaerobic 
spoilage. 

It is concluded that shipments of lettuce in controlled 
atmosphere containers to military organizations overseas be initiated 
oh a larger scale. Controlled overseas field test shipments would 
assist the controlled atmosphere industry and military users in 
defining and eliminating any engineering flaws which might exist 
in current commercial scale equipment. 

vi 



EFFECTS OF A CONTROLLED ATMOSPHERE SYSTEM i 
ON THE STORAGE LIFE OF LETTUCE 

PART II-FIELD TEST 

Introduction 

The supply of good quality fresh fruits and vegetables in quantity 
to meet the requirements of military personnel overseas has been a 
concern to the Armed Forces. In view of the extended shipping and 
storage periods, perishable produce will exhibit a degree of spoilage 
prior to arrival overseas. Attempts have been made in the last two 
decades to reduce the spoilage of lettuce by various means including 
modified packaging. Yet, reports concerning arrival of lettuce * 
overseas with varying degrees of loss due to spoilage have continued. 

In 1968 the U. S. Army Natick Laboratories conducted laboratory 
tests on a commercial controlled atmosphere procedure (TECTROL) for 
shipping lettuce. The outcome of the laboratory studies indicated that 
an overseas field test using commercially available TECTROL containers 
was in order. 

Literature Review 

Most research on lettuce has been concerned with the market time 
requirement of one to two weeks from date of picking. In recent years 
a limited amount of work has involved the longer overseas military re- 
quirement of four to eight weeks. Literature on the subject has been 
adequately covered in a previous report^1'. Data developed by U. S. 
Army Natick Laboratories in 1968 showed that lettuce stored for five 
weeks under TECTROL-controlled atmosphere followed by 11 days in air 
was in better condition than lettuce stored for five weeks in air^ '. 
Furthermore, use of the TECTROL-controlled atmosphere system resulted 
in reductions in slime, pink rib, and russet spotting. 

Methods and Materials 

After discussing the subject with representatives of Defense Person- 
nel Support Center, the decision was msde to evaluate a TECTROL-controlled 
atmosphere container shipment to Japan. 

The test plan «as designed to determine whether the TECTROL con- 
trolled atmosphere container system would result in lettuce with less 
spoilage than the conventional container system used during military 
shipping. 

The TECTROL system involves the introduction of a properly pro- 
portioned blend of gases for specific fruits and vegetables into a 
refrigerated container as soon after picking as possible. It has been 
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described in a patent assigned to Whirlpool Corporation^. According 

to the patent, the gas composition consists of 1-5%  carbon monoxide, 
1-10$ oxygen and 1-$%  carbon dioxide with the remainder being nitrogen. 
Carbon dioxide, a product of respiration, is kept at a low level by 
using carbon dioxide scrubbers. The maintenance of the low oxygen at- 
mosphere depends upon a dynamic relationship between lettuce respiration, 
which consumes oxygen, and a slow leakage of air into the refrigerated 
container to replace it. 

Iceberg lettuce of the Vanguard seed variety was used in this 
field test. All the lettuce was picked out of the same field on 28 
April 1969. USDA inspectors wers in the field and at the vacuum cooler 
to check the lettuce condition. It was graded No. 1 (hS-^0% hard 
heads, 36-lil% firm heads, and 13-15$ fairly firm heads). After vacuum 
cooling, crates of lettuce, meeting Federal specification HHH-L-226d, 
dated 22 Ma~ch 1963, Lettuce Fresh, were loaded directly into mechanically 
refrigerated 2l|-foot length containers as indicated in Table 1. 

TABLE 1. KEi TO THE FOUR CONTAINERS 

Container 
Number 

Type 
Container Preparation CoJe 

87028 TECTROL Trimmed and Individually 
Wrapped* Lettuce 

A 

81107 Conventi onal Trimmed and Individually 
Wrapped* Lettuce 

B 

810U6 Conventional Naked Pack Lettuce C 

870U2 TECTROL Naked Pack Lettuce B 

■«■Wrapped in polyethylene bag. Federal Specification PPP-F-68C  . ay 1, 
1967, Fresh Fruits and Vegetables, Packaging, Packing, and Ma. king of. 



The four test containers described in Table 1 were held for two 
weeks at the Matson Lines yards in Wilmington, California, since it was 
desired that the time between picking and arrival overseas be four weeks, 
the usual shipping time to Vietnam or to Europe. The test containers 
arrived in Japan four weeks and four days after picking and reached 
military distribution points during the fifth week. Temperature records 
were maintained in each container using Ryan recorders. Gas histories 
were maintained on the two TECTROL containers from the time of picking 
until just prior to off-loading them in Tokyo. A Beckman automatic 
oxygen analyzer and an orsat apparatus were used to determine the 
composition of gas present. 

Lettuce from each container was examined by three different proce- 
dures : 

a. By military personnel using Veterinary Corps Inspection proce- 
dures, during the fifth week after picking. 

b. During the fifth and sixth week after picking by an NIABs 
representative using the edible yield procedure'-^ and scoring each head 
of lettuce for (i) general appearance, with wrapper leaves; (ii) general 
appearance without wrapper leaves; (iii) severity of butt browning; 
(iv) severity of decay in wrapper leaves; (v) severity of decay in 
compact portion of head; (vi) severity of russet spotting or spotted 
wilt; (vii) severity of pink rib; and (viii) severity of other mis- 
cellaneous discolorations (Table 2). 

c. Following distribution, by a user participant test evaluation 
method. The user was requested to evaluate the lettuce weekly for a four 
week period after receipt. Each coded box of lettuce was to be rated for 
general condition of lettuce, number cf beads showing slime or mold, 
degree of slime or mold, and miscellaneous (Table 3). 

Where applicable, tha data obtained was statistically evaluated by 
analysis of variance. 
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Ryan temperature recorder charts (Figure l) show that the container 
temperatures were higher than the thermostat settings for each container 
throughout the period of shipment. Containers 81107, 8l0ii6, and 8loU2 
were originally set at 3l+°F. Container 87028 was originally set at 36°F. 
Actual temperatures were near 1|0°F. most of the time. 

Gas analyses (Figure 2) show that TECTROL container 870h2 had an 
oxygen content of 0,lj.$ the day before unloading the containers in Tokyo 
which is an anaerobic condition,, All the lettuce in this container was 
found unusable. An examination of Ryan temperature recording data 
(Figure l) indicated that there had be;en a refrigeration failure in 
TFTROL container 8701*2 during the 10th through the 12th day after 
picking the lettuce. Temperatures in this TECTROL container were above 
50°F and reached a maximum of 57°F. It is believed that the higher 
temperature in TECTROL container 8701*2 permitted a lettuce respiration 
rate high enough to consume the oxygen present. This combined with a 
low container leak rate caused anaerobic spoilage. The Ryan temperature 
records (Figure l) show that the three other test containers did not 
experience any prolonged refrigeration failure. 

The day before unloading the containers in Tokyo, the other TECTROL 
container 87028 was found to have an oxygen content of h.2%,  a carbon 
dioxide content of 5.8$, and a carbon monoxide content of 0.2$ with the 
remainder being nitrogen (Figure 2). 

Average edible yields, general appearance and severity of defects 
scores for lettuce from the containers during the 5th and 6th week after 
picking, are shown in Table; h  and Table 5. Although this crop of lettuce 
looked good at picking time, its condition on arrival overseas was 
poorer than anticipated. 

In view of the conditions under which the crop was picked and 
randomized and the 100$ lettuce loss experienced in TECTROL container 
870l;2, paired comparison results c?.n be shown only for the field trimmed 
and wrapped lettuce. 

Results on the field trimmed and wrapped lettuce shipped in TECTROL- 
controlled atmosphere container 87026 and in conventional container 
81107 are summarized in Table h  and Table 5. It is apparent from these 
results that lettuce from the TECTROL container had a higher edible 
yield (Table 6), less decay in the compact portion of the head (Table 
7), and less pink rib (Table 8) than lettuce from the conventional 
container. These dif "^rences are significant at the 1% level. 

The Veterinary Corps Inspectors reported that lettuce from the 
conventional container looked somewhat better on the outer surface than 
that from the TECTROL container. Howevert  Veterinary Corps inspection 
results show that lettuce from the conventional container exhibited 
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Table )4 LETTUCE AVERAGE YIELDS AND SCORES 5TH WEEK AFTER PICKING 

Average Yields and Scores* for Lettuce from 
Container Number 
TEUim  

Evaluation Indice 87028 81107 810U6 870U2 

Edible Yiald (%) 

General appe ™?nce rating 
with wrapper leaves (score) 

63.2 

3.5 

General appearance rating 6.3 
without wrapper leaves (score) 

Severi y of butt browning 
(scor?) 

3.7 

Severity of decajr in wrapper  3.5 
leaves (sccx-e) 

Severity of decay in compact  0.3 
portion of head (score) 

Severity of russet spotting   2.2 
or spotted wilt (score) 

Severity of pink rib (score)  2.U 

Severity of other miscella-   1.9 
neous defects (score) 

ft.? 

3JJ 

5.8 

lull 

U.l 

1.5 

3.3 

U.l 

l.U 

56.0 

3.0 

6.0 

3.5 

3.2 

0.0 

1.9 

2.3 

2.U 

■H-H- 

-»-a- 

■H-H- 

##■ 

-St* 

General appearance rating scores (9 to 1). The higher tb«3 ^core the 
better the appearance. Severity rating scores for defects (0 to 8). The 
lower the score the less severe the defect. 

■K-K-D is carded after first examination. 



jEjg i1 wmmmmm 

TABLE 5. LETTUCE AVERAGE YIELDS AND SCORES 6TH "WEEK AFTER PICKING 

Average Yields and Scores-**- for Lettuce from 
Container Number 

Evaluation Indice 
TECTRDL 
87028     81107 810U6 

TECTRDL 
870U2 

Edible Yield (%) 56.1     39.7 52.7 -:HS- 

General appt ".ranoe rating 
with wrapper leaves (score) 

2.0       2.0 1.9 •a:- 

General appearance rating 
without wrapper leaves (score) 

6.5     1>6 6.8 -;H:- 

Severity of butt browning 
(score) 

5.3     6.3 k.9 ■SH5- 

Severity of decay in wrapper 
leaves (score?) 

U.7     5.7 3.9 •JBS- 

Severity of decay in compact 
portion of head (score) 

2.1     U.5 0.7 •JH:- 

Severity of russet spotting 
or spotted wilt (score) 

3.3     3.8 li.l -;BS- 

Severity of pink rib (score) 1.5     ^.} 3.2 ■SHS- 

Severity of other miscella- 
neous defects (score) 

o.U     0.9 1.0 ## 

^General appearance rating scores (9 to 1). The higher the score the 
better the appearance. Severity rating scores for defects (0 to 8). The 
lower the score the less severe the defect. 

•»-»Discarded after first examination. 
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TABLE 6. FIELD TRIMMED AND WRAPPED LETTUCE - EDIBLE LETTUCE YIELD 

Edible Lettuce Yield 
? Wks. after Picking o""Wks. after Picking 

Type Container Average»     Range    Average»     Range 
TV) W W W 

Conventional Con-    51.9    U9.7-55.1; 39.7    30.1-UU.l 
tainer 81107 

TECT:;JL Container    63.2    60.5-66.8 56.1    50.8-61.8 
87028 (Controlled 
Atmosphere) 

■M-rtatistical Interpretation. p^yo.Olj Least Significant Difference^. 3 
at 0.05 level 
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TABLE 7. FIELD TRIMMED AND WRAPPED LETTUCE 
SEVERITY OF DECAY IN COMPACT PORTION OF HEAD 

Severity of Decay Scores* 
5 Wks. after Picking        6 Wks qfter Picking 

Type Container Average»»    Range Average»»   Range 
" ~ ~J~~' (score)     (score)   ""   (score) "   (score) 

Conventional Con- 
tainer 81107 

TECTRDL Container 
87028 (Controlled 
Atmosphere) 

1.5   0.3-2.6 

0.3    0.0-0.8 

Ü.5 3.8-5.9 

1.1-3.0 

»The lower the score, the less severe the decay in the compact portion of 
the head. 

■«-«■Statistical Interpretation. p^O.Olj Least Significant Difference=i.c?9 
at 0.05 level 
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TABLE 8. FIE3D TEST (FIELD TRIMMED AND WRAPPED LETTUCE) 
SEVERITY OF PINK RIB 

Type Container 

Severity of 
5 Wks. after Picking 
Average*««-    Range 

Pink Rib Scores* 
6 Wies, after Picking 
Average**    Range 

(score)    (score) (score) (score) 

Conventional Con- 
tainer 81107 

H.l     3.1-1.7 5.3 U.2-5.8 

TECTROL Container 
(Controlled Atmos- 
phere } 

2.U     1.5-3.1 1.5 1.0-1.7 

#The lower the score, the less the pink rib defect. 

■^Statistical Interpretation.p"^0.01; Least Significant Difference«1.50 
at 0.05 level 
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severe pink rib, russet spotting, and slime throughout the compact por- 
tion of the head. In contrast, the compact portion of the lettuce which 
had been shipped in the TECTROL van was found to be in good condition 
after removal of the wrapper leaves. 

The Veterinary Corps reported that on the 5th week after picking, 
fi-rlc' trimmed a~,d wrapped lettuce from the conventional container had 
an 11.11/8 loss compared with a hj$% loss for lettuce from the TECTROL 
container. They found a l£.36# loss in naked pack lettuce from con- 
ventional container 8l0U^ on the 5th week after picking. 

Lettuce in TECTROL container 8701*2 was shipped to the Army. Inspec- 
tion upon arrival showed 100$ loss during transit and no user Army test 
was possible. For this reason, the user participant test was restricted 
exclusively to the Navy. Returns from one Navy galley and one Navy 
commissary did not show any differences in lettuce quality from con- 
tainers 87028 and 81107. The user participant test was designed to bte 
concerned primarily with external surface appearance because it would 
have been very difficult to obtain reliable quantitative information in 
the absence of specially trained personnel. These user participant 
results interpreted in terms of external surface appearance agree with 
those obtained by NLABS. However, the user participant results should 
not be interpreted as defining the condition of the entire lettuce head. 
Where the outer leaves were removed and the compact portion of the 
lettuce examined, significant differences were found in quality by 
both the Veterinary Corps and NLABS. 

In addition to an improvement in quality, evidence is presented in 
Table 6 to show that the edible yield of lettuce from the TECTROL-con- 
tainer six weeks after picking is as good as that from the conventional 
container five weeks after picking. This shows that for extended shipping 
time TECTROL (controlled atmosphere) container shipping has the capability 
of providing at least one more week of shelf life over conventional 
container shipping, if anaerobic conditions do not result due to equipment 
breakdown. This additional shelf life occurs after removal from the 
TECTRDL-controlled atmosphere environment. It is of interest that the 
improvements in quality occurred even though TECTROL container 87028 had 
a somewhat warmer atmosphere than conventional container 81107 during 
the shipping period (Figure l). 

Ill 
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Discussion 

Reports have been received on a number of occasions concerning losses 
on shipment of lettuce to military installations overseas. Information 
has been obtained to show that although the container thermostats'had 'been 
set at 3U°F, actual loaded container temperatures w^re closer to kO°F, 
It Lb  püjiiible that had the container.* maintained temperatures clever to 
3U°F, the differences obtained in lettuce quality might even have been 
greater. 

A total of 6 different crops of lettuce have been tested during 
the years 1965, 1968 and 1969 under controlled atmosphere storage 
conditions for extended periods of time. These results are presented 
as evidence to show that where controlled atmospheres can be reasonably 
maintained improvements in lettuce quality a.;i storage life will result. 

A cost analysis estimate of TECTROL shipments is presented in Table 
9. The cost data indicates that a reduction in 2.1% to $.h% lettuce loss 
is required to defray the additional cost of TECTROL- controlled atmosphere. 
Reductions in losses of lettuce as expressed in edible yield improvements 
in both the laboratory tests^and the field test (Table 6) were close to 
or higher than the reduction required to defray the additional cc-st of 
the TECTROL-controlled atmosphere. 

There are engineering and shipping problems associated with the 
maintenance of controlled atmosphere in commercial scale equipment that 
remain to be resolved. During this test an extended refrigeration failure, 
generated anaerobic conditions in container 870^2. In addition, gas 
analysis records showed that a leak had developed in container 87028 
which was repaired 9 days after container loading (May 7, 1969). This leak, 
was reportedly caused by a torn plastic curtain which resulted from the use 
of wirebound wooden crates for lettuce. The leak was repaired, and the 
container provided controlled atmosphere again. The TECTROL-controlled 
atmospheres remained in proper range for the remaining 17 days during 
shipment to Japan. These problems have now been defined, and precautions 
can be taken to prevent their reoccurrence on future TECTROL shipments. 
However, there may be other engineering and shipping problems associated 
with the maintenance of controlled atmosphere in commercial size equip- 
ment which remain to be defined and resolved. 

It is concluded that controlled shipments of lettuce in controlled 
atmosphere containers to military installations overseas should be 
initiated on a larger scale. Furthermore, it is concluded that box and 
film variations be included along with the containers in these shipments 
since all function as a system to contribute to the keeping quality of 
lettuce. The results of this work should lead to an improvement in the 
quality and storage life of fresh produce received by the military over- 
seas. Flow of funds from the United States should also be reduced 
proportional to the reduction in military procurements of fresh fruits and 
vegetables overseas. 
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